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In the framework of a dynamical gluon mass model recently developed, we investigate the effects 
of two essential parameters in the description of elastic pp and pp data at high energies: the soft 
Pomeron intercept and the dynamical gluon mass. By considering relevant numerical intervals for 
both parameters and fits to the experimental data up to 1.8 TeV, with good statistical results, we 
discuss the predictions of the physical quantities at the LHC energies (7 and 14 TeV). We conclude 
that these quantities are sensitive to those variations and the predictions are correlated with the 
intervals considered for both parameters. This conclusion puts limits on the reliability of QCD 
inspired models predictions at the LHC energies, mainly those models with ad hoc fixed values for 
the mass scale and the Pomeron intercept. 



I. INTRODUCTION 

The TOTEM experiment has been designed to study elastic and diffractive scattering at LHC, 
providing crucial information on the pp total cross section and the elastic differential cross section 
at energies 7-14 TeV. From the theoretical point of view, elastic scattering still constitutes an open 
problem for QCD since perturbative techniques can only be applied in limited kincmatical regions and 
a nonperturbative approach for the soft scattering processes is still lacking. Moreover, a wide variety 
of phenomenological models present good descriptions of the existing data, however with different 
physical pictures. In this respect the expected TOTEM data will be very important in the selection 
of models. In particular, the class of models referred to as "QCD inspired" plays an important role 
in this scenario, since they are based on some inputs directly connected with QCD. 
In this work we analyze elastic scattering in the context of a QCD inspired model, with a dynamical 
gluon mass used as regulator for the infrared region, which we denote DGM (Dynamical Gluon Mass) 
Model [l|. We discuss here two novel aspects: (i) new developments in the original formulation; (ii) 
the influence of a mass scale and the intercept of soft Pomeron in the predictions at the LHC energy 
region. 

This note is organized as follows: In section 2 we review the general structure of the DGM model and 
its main inputs. In section 3 we present the fit results on pp and pp total cross sections, p parameter 
and clastic differential cross sections. Our conclusions are the content of section 4. 



II. DGM MODEL 



The DGM model is largely based on the eikonal approach previously discussed by M. Block and 
collaborators 0, Q , but with two novel physically motivated ingredients for the infrared mass scale 
and the running coupling constant, both connected to an infrared dynamical gluon mass scale. In this 
section we shortly review the main formulas and the new developments in the original formulation. 
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A. Dynamical Gluon Mass 

Cornwall]!] has shown that in obtaining a gauge invariant solution to the Schwinger-Dyson equation 
for the gluon propagator, a dynamical gluon mass arises naturally. In doing so he was able to obtain 
a nonperturbative expression for the running coupling constant, which depends on a dynamical gluon 
mass and freezes at the IR region. In DGM model we will account for nonperturbative effects in 
clastic scattering considering Cornwall's expressions for the coupling constant 

4-7T 

as[s) = A)ln[(S + 4M!(S))/A2]' (1) 
and for the dynamical gluon mass, 
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where /3q = 11 — ^rif (n/ is the number of flavors), A = Aqcd and r = s/s represents the fraction of 
energy carried by partons inside the colliding hadrons and m g is the gluon mass scale. In this work 
we have considered n f = 4 and A = 284 MeV. 

B. Eikonal and Impact Parameter Representations 

In the eikonal representation the elastic scattering amplitude, A(s,t), is written as (azimuthal 
symmetry assumed): 

A(s,t) = i [ bdbJ (qb)[l - e lx(s < b) ], (3) 



where q 2 = —t and x(sj b) = X-r( s ? b) + *X/( S ; b) is the complex eikonal function, expressed in terms 
of even/odd contributions for pp and pp scattering: 

X %( S ,b)= X + (s,b)± X -( S ,b). (4) 

The total cross section, <7 tot , p parameter and the differential elastic cross section, da e i / dt , are given 
in terms of x{ s i b) by 



(s) = 4tt / bdb[l-e- x r^cosx R (b,s)], (5) 



_ Re{tfbdb[l-e^}} 
P{) Im{ifbdb[l-e^(b^y W 

(s,t) = tt| / bdbJ Q (qb)[l-e^ b ^}\ 2 . (7) 



da e i 
~~dT 



C. Elementary Processes 

In the DGM model we use as input for the odd eikonal [H, 0] 



X -(b, S ) = C-^e™^W{b-pL-), (8) 

where £ = 97r ^ t 3 /°- ) . This "instrumental" expression accounts for differences between pp and pp chan- 
nels at low energies. The even part contribution is connected with elementary interactions, gluon- 
gluon, quark-gluon, quark-quark, as follows: 

X + {b,s) = Xgg {b,s) + Xqg (b, s) + Xgg {b, s) 

= i[a qq (s)W(b; fi qq ) + <r qg (s)W(b; p, qg ) 

+ trgg(s)W(b;ii g g)], (9) 
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where W(b, /Xy), ij — qq,qg,gg, is the overlap function in the impact parameter space and atj repre- 
sents elementary cross sections of interactions between quarks and gluons. 

We parametrize the qq and qg contributions based on the energy dependence originated from approx- 
imate forms of the distribution functions of quarks and gluon at small x region Q. Therefore, the 
eikonals \qq an d Xgg are given by 



Xqq{b, S) 

Xqg(b, s) 

The gg contribution is written as 



;ZA-^W(b;n qq ), 
v s 



= iT, 



A' + B' In 



W(b;n qg ). 



(10) 
(11) 



4m^ I s 



dTF gg {T)a gg (s), 



where Fgg{r) is the gluon distribution function, 



F gg (r) = [g®g}(r) = 



1 dx 



and cr gg (s) represents the gg — > gg nonperturbative cross section 
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(13) 



(14) 



analogous to the one found in [l| , but instead of m g we have considered explicitly the energy depen- 
dence in M g (s). Moreover, in eq. (fT3j) we have set the following gluon distribution function (for the 
small x region): 



g(x) = N, 



(1 - x) £ 

9 X J 



(15) 



were N g — 235(6 — e)(5 — e)...(l — e), J — 1 + e and e is the soft Pomeron intercept. 
The nonperturbative cross section, cr gg {s), drives the total cross section, er tot (s), in high energies 
(typically starting from 1 TeV). Therefore, the asymptotic behavior of atot{s) is related to the one of 
Vgg ( s ) 



lim 



dr Fgg(T) &gg(s) 
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(16) 



This result indicates the dependence of otot on m g and e at high energies and that is the point we 
are interested to quantitatively investigate here. 



III. FITS AND RESULTS 



As first steps in this study we analyze narrow intervals of m g and e considering 3 values in each 
case: 

m g : 350, 400 and 450 MeV 
e: 0.080, 0.085 and 0.090 

The range of masses are compatible with recent studies on the structure functions F2 at small x Q 
and that of e with the analysis of bounds for the soft Pomeron intercept [6j . 
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A. Fit Procedure 

For each pair m g , e and through eqs. (5-7) we have developed simultaneous fits to the available 
data on pp and pp forward observables a tot and p above 10 GeV and to pp differential elastic cross 
section at 546 GeV and 1.8 TeV. To minimize the data we used the class TMinuit of the CERN ROOT 
Framework and the MIGRAD minimizer setting a confidence level of 90%. In the first step we fixed 
the gluon mass and changed the value of the soft Pomeron intercept in the above range. Secondly, we 
fixed the intercept and variate the gluon mass. 



B. Results 

We present here some representative results in the following cases: 

m g =400 MeV and e: 0.080, 0.085 and 0.090 
e=0.080 and m g : 350, 400 and 450 MeV. 

The statistical information on the fit results are shown in Table 1 and the values of the free parameters 
in the case e=0.080 in Table 2. Fit results and predictions are displayed in Figs. 1 (m 9 =400 MeV) 
and 2 (e=0.080) and in Tables 3 and 4. 



Table 1. Statistical information on the fit results. 



m 9 = 400 MeV 


e: 0.080 0.085 0.090 
X 2 /DOF: 0.95 0.96 0.96 


e = 0.080 


m g (MeV): 350 400 450 
X 2 /DOF 0.96 0.95 0.96 



Table 2. Values of the fit parameters for e = 0.080. C", A, A' , B, C are dimensionless and /tty, ij = qq, qg 

and gg have dimension of GeV. 



m s (MeV): 


350 


400 


450 


C 


(2.336 ± 0.039)xl0 -3 


(3.79±0.17)xl0 -3 


(5.00±0.11)xl0 -3 


M99 


0.6611 ± 0.0048 


0.651 ± 0.066 


0.6353 ± 0.0074 


A 


7.02 ±0.22 


10.7 ± 1.4 


21.30 ±0.71 


pqq 


1.478 ± 0.023 


1.9841 ± 0.0038 


1.537 ± 0.064 


A' 


0.5473 ± 0.0018 


0.874 ± 0.059 


1.0128 ±0.0066 


B' 


(2.017 ±0.010)xl0~ 2 


(4.51 ±0.62)xl0~ 2 


(11.30 ±0.10)xl0~ 2 


pqg 


0.8414 ± 0.0027 


0.8361 ± 0.0019 


0.8261 ± 0.0027 


c~ 


1.898 ± 0.039 


3.03 ± 0.40 


3.981 ±0.091 




0.2841 ± 0.0025 


0.41 ±0.17 


0.263 ± 0.065 




Fig. 1: Simultaneous fits to atot, p and da e i/dt (546 GeV and 1.8 TeV) with m a = 400 MeV and e in the 
range 0.08 — 0.09; also shown the predictions for LHC at 7 and 14 TeV. 



G 




-t (GeV 2 ) -t (GeV 2 ) 

Fig. 2: Simultaneous fits to atot, p and da e i/dt (546 GeV and 1.8 TeV) with e = 0.08 and m fl in the range 
350 - 450 MeV; also shown the predictions for LHC at 7 and 14 TeV. 



Table 3. Predictions for the pp total cross section and the p parameter at the LHC with m 9 = 400 MeV and 

extreme values of e. 



e: 0.08 0.09 

a to t{7 TeV) (mb) 96.9 98.0 
a t ot{U TeV) (mb) 108.8 110.6 
p(7 TeV) 0.1321 0.1376 
p(14 TeV) 0.1272 0.1330 
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Table 4. Predictions for the pp total cross section and the p parameter at the LHC with e = 0.08 and 

extreme values of m g . 



m 9 (MeV): 


350 


450 


<x tot (7 TeV) (mb) 


96.9 


94.9 


cr tot (14 TeV) (mb) 


108.8 


106.1 


p(7 TeV) 


0.1322 


0.1265 


p(U TeV) 


0.1270 


0.1225 



IV. CONCLUSIONS AND FINAL REMARKS 

From Table 1 and Figures 1 and 2 the experimental data analysed are quite well described in all 
cases investigated. For the intervals considered on e and m g the results are quite similar in the region 
with available data, but that is not the case at higher energies. Tables 3 and 4 show that at the LHC 
the results present a 3% of variation in the predicted quantities, for the narrow intervals considered 
in e and m g . That corresponds, for example, to two times the uncertainty in predicted values by 
Block 0, where e = 0.05 and mo = 600 MeV are the ad hoc values used. 

We conclude that both parameters, the Pomeron intercept and the mass scale must be carefully 
investigated and physically justified, in order to obtain reliable predictions at the LHC energies. We 
are presently investigating the subject. 

Note added. During this workshop we have noticed the recent result by the TOTEM Collaboration 
for the pp differential cross section at 7 TeV, presented by V. Avati and discussed in H . In particular 
we note that for e = 0.080 and m g — 450 MeV (table 2, fig. 2) our model predicts the dip position at 
0.53 GeV 2 , which is in complete agreement with the TOTEM result. However, as commented above, 
we are still investigating the optimal solution for our free parameters at lower energies and the final 
results shall be presented in a forthcoming communication. 
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